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JBSTRACT: The expansion rates of steel and 2luminum eylinders
{2.C iunch inaide dlepeter with wall thlcknesses between 0.0

<0 0.5 lneh) when aceelerated by detonation of Composition 3
axploaive 211ling have been stuvdied bvefora a roteting mirrore-
314t camera, These data are desired for an accurate determina-
%“ion of laitlal fragment velocities end accelerations, 4
comparison is made ¢f the obgerved valu2s, the Gurney velocities,
and the fragment velocltles measured on the KOL fragnent
velceity range. By proper chwoice of the Gurney constant. the
velocities caleculated by the Gurney formula may be brougit into
good agreenent with the observed values in the region atuve
0,05 1nches wall for steel, and 0.1 1nen wall for alumimm,

For thinner cases the observed velocltics diverge considerctly
rom the Guriey predicted values, A discussion is given con-
cerning the effeci:iveness of the rotating mirror camera ‘n
fragmeration worlt cnd the errors and assumptions whicn eater
nto 1lnterpretation of the data ovtained.
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- The work presented 1n this report has been undertaken
for the purpose of Investigating initial velocities of
fregments coming from exponding cylinders over a range of
wall thleknesses down to =zeio wall, The problem has been
conside-ed by earlier workers, bul not in detail, References
(a), (e), (£), and (z) at the end of this report give the
earlier work. This Investigatlion has been performed under
Tagk NOL~-Re2¢~35-1-53, The data presented and the conclusicis
drawn are of a prelininary nature,

The authors wishh to acknowledge the assistance of
T.P, Liddiard who furnished many valuable experimental
tachnlques., Tae authors also are lndebted to D, Danlelson and
H., Curtis who did much of the experimentzl work, and T.W. Froyd
w10 £s8sisted 1n anzl;sls of the date,

EDWARD L, WOODYARD
Captain, USN
Cormander
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: RAPID EXPEANSION OF METAL CYLINDERS UNDER EXPLOSIVE IOADING X
STUDIES OF INITIAL EXPANSIONS V).TH THE ROTATING MIRZOR CAMERA

INTRODUCTION

1. EKnowledge of fragment accelerations and veloclties froa
case3 under explosive loading !5 required in any fragmentation

or explosive-metal interaction study. The earlier work of
gurney, Reference (&), has been of considerable valve in
attempting to predict initial frupment velocities from ceyllindirical
cases, Ircluded 1n his formul:. was a multiplying constant

which was different for eoch erplosive and was obtained hy curvie-
fitting tc obvaserved duta, It vz Aalso stated by Qurney thas
agreement with experimental velocivies wouid not necessarily
extrapolate to zero wall thielkna2s3 vhere little date were
available, 1he deperture of the predicted gurney velocities from
observed veloclities was eonsidered of sufficient importance to

be further investig: ted, becaunc sush studies would lead to a
more detalled consideration of the hydrodynemle process -involved,
It could cloc lead to ¢ better understanding of the fragmentcation
of cased charges other then those having eylindrical aymeftry,

2, Convertiocnzl necthods of measuring fraguent velocltles,
References (b), (e¢) and (d), are not satisfactory for thin walled
cases due to difficulty in obaserving small fragments in motion,
Expanding cylinders have been studied with primacord-shutter
carera and explodinz flash lamps, Refereace (e) through (g). The
resolution obtained in this work la, however, rather poor, It
was believed that a rotating mirror--slit camera, Reference (h).
ocovld be used with greater resolucion since a similar arrangenent 5
has previcusly been used successfully with a rotating drum--slit i
camera to study shock from charges detonated in air, Reference (1).
A secondary purpose of the test was to investigate the rotating
mirror--glit camera as a fragmentation tool in which the nature of
fragment accelerations could de resolved.

3. In the present series of tests, fragment velocities after
acceleration have been obtalned for 2 inch inside diameter steel
and aluminua cylinders of different wall thicknesses when e
expanded by detonation of Compositiom B explosive. These valocAtﬁe&
are compared to the predicted values and the point of departure of

. the Qurney formula noted, The results obtained are also compared,
after application of retardation theory, Reference (J), to the
velocities obtained for similar cylinders on the NOL t

:é*f: A
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veloclty range. Agreenent is good for ateel fragments where the
‘ retardation effect 1o fairly well knovn. The agrecment for
vivminum fragasnts also appears to be satisfactory forr the amount
of Information avallable on this type of fragment, Cn the basls
oi other unpublished work at NOL concerning shoeck reflections
in metals, 1t wvas expected that velocoity Jumps would be observad
in thia mataod of observing fragment veloelities. However, up to
the preaent time, such veloclity changes have not teen clearly
noted. A3 a matter of definitiocn, by initlal case velocity 1s
meant the velocity of initlal expansion. Terminal case veloclity
is defined aa that veloclty at which the czae vents, The terminal
ezse veloclty 1s therefore the iniilal frasment velocity.

EXPERIMENTAL PROCEDURE & COMPUTATIONS

4, Test Arraazeunent. Pigure 1 shows the general experimental
arrangement used In theae tests. The caced charge was mounted
on a 3atani lnslde th2 bombproof such that the cross-gection of
the cylinder to be observed wae in the slit line prolected out
from tie 2amera, The axis of the cylinder was orieanted perpen-
dicular to th2 slit line in & horizontal plane, The cylinder wes
back-lighted by an exploding wire light source, Reference (k),
also located along the proJected slit line., A mirror on the
stand permittad orientation of the cylinder so that fragments
wculd not 21y into the bombproof window which protected the
camera, The virdow was further protected by a thin sheet of
lucite which stcpped occasicnal ricochets end fogging by explosive
gasas,

5., A astandard rotating mirror-~slit camerza, Reference (h),
outside the bomtprocf was used to record the expansion., It
contains a sllt which is perpendicular to the image travel on

the film drun. The licht and explosive c¢harge were synchronously
triggered so thzt the iight flashed Just ac the detonatlon ;
swept past thz2 roint of the cylinder under observation. A ;
silhouette of tr.e case motlon es a y--t plot at the alit line wes ;
obtained on thae f£1lm. Pigures 2 and 3 show typical enlargements !
of the records, The camera was focused on the top surface of the :
cas® to give 2 sharp silhouette, The slit width was that :
ordinarily ussd in detonation studies with the camera. The rescrds
wers considered satisfactory without further adjustment., A

atill picture of the charge was taken at one end of the film,

This pleture was used to computs the object-image ratio of the
streak record.
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6. Computation of Velocitles., The method by whick “he camera
data were reduced to the apparent case velccities along the i
slit was conventional. The negatives were enlarged to give a ;
one and a half to double magnificatior of the original eylinder

size and a plot was made of y vs t. Distances along the X

direction of the print acaled directly to cistances on the plot

with multiplication by the magnificntion faoctor. The time

axis of the camera 1s a calibrated function of rotor speed and

drum radiu3s, fThus Gistances along the t direction of the print

scaled dircctly to tima on the plot by use of an accurately

knovm enlarging factor. In this camera, the refleciting surface

of the mirror does not rotate on the axis of the £ilm drum,

therefore, the magnification i3 a function of distance along tne

film, The records, however, were of guch z short length that

no correction had to be made. (Units changed less than 0.2 per cent
over the record). Fron the y va £ plet the cass veloeity was
calculated at any point as ay/at. Priuciple interest at this

time was in the terminal velocity of the ccse expansion, This

13 the velocity after accoloration had taMen place, and was

computed from the straight line regicn of the reccorda just before

the explosive gases vented through the cracks in the eylinder,

In most instancesa this venting polnt was ecay to leceate., Tae

record3 also showed the mode of acceleraticn of the case, It i
planned to eanalyze thias phase of the case studics in the futura.

7. The photographlc records gave an zpparcnt velocity along tae
slit. This, however, was not the true velocity of the exp ndlag
c¢ylinder, As the cylinder expanded radinlly it stretched little,
if any, along 1ts lengih. Thus, with respesct to the slit, the
point of the cylinder orginally under obseivation moved, after the
datonation passed, 1n the dlrection of dctonation as well as
outward, As the expansion increased, the points of the eylinder
at the s8lit came frcm earlier cccelerated regions of the cylinder,
The apparent velocity was therefore greater than the true velo:ity
of any one point of the c¢cylinder since the method of recording
shortens the time coordinates,

8. The case velocities can be computed if it is assumed that the
case expands as an inelastic but plastic nedium in the manner
given by Taylor, Refercnce (1). The cocordinate system 18 changed
from one at rest with the detonation front to at rest with the
cylinder or sllt. In Taylor's theory, working with the detonation
front at rest and assuming steady state corditions, the initlal
fragment velocity 1s given by:

e AR e Ty - Gk

0
W, = ZDSm-i,

CONFIDENTIAL i
SECURITY INFORMATION ‘




e ]
i e

CONFIDENTIAL
NAVORD Report 2768

Ferc D 1s the detonation velocily and ¢ is the angle the
eviinder wall makes with the eylinder axis after detorztion {
(instantaneous picture of expanding cylinder). Consider now .
the system with coordinates at rest with respect to the slit, ;
In time 44 the detonation point has moved a distance ax=0aA¢

past the slit, taking § equal to zero as the time at vhich the
detcnation passes the slit., In this same time, the c¢ylinder

has eipanded a dlstance ay on the slit. Irom Figure (U4) 1t 1s

seen that

y:y, a
o rcta"‘l -—L = orctam ....1_ .
1 0 " 3¥ cret Sat

The apparent velooclty, o, computed from the photographie
negative 1is
B
No= g
Therefore

X = ar(,tah .ﬂr&. »
D

and the trve initlal fragment veloclty is

N, = 2D sim ["“t“z(%) ].

DISCUSSION OF EXPERIMENTAJ, RESULTS

9. Extent_ of Tests. The cases were loaded with Compgsition B
explosive, with cast density of 1.68 grams/centimeters and a
computed detonatlon velocity of 7850 meters/second. Expansions
for the following cylinders have been obtained:

(2) In air. Length, 5.0 inches; inside diameter,
2.0 inches; slit location, at center of cylinder,

Wall Thiclmesses in Inches

Aluminum Steel
8.26% g., 8%1
.12 .
0.250 0.12%

0.375 0.250
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(b) In helium (atmosphere pressure). Length;
5.0 inches; irside diameter, 2.0 inches;
8lit location, at center of cylinder

wWall Thicknesses in Inches
(Aluminum Cases Only)
B WA B DT D A A S LD e - & AT
0,000 (uncased)
0‘002
0.005
0.125
0.250

(¢) In helium and air. Length 12.0 inches;
inside dizmater, 2.0 inches; slit location
2.5 inches from free end

vall Thicknesses in Inches
(Aluminua Cases Ouly

——y . o o o e S
o=y -

Uincased in hel:lum
0,125 in auir
0.500 in air,

Initlation was by a pentolite~baratol plane wave booster., The
aluminum cylinders were mochined from 2-S seamless tubing; the
steel cylinders were machined from AISI 1045, stress relief
seamless ¢ubing in the as-is condition (Rockwell 30-B). Tables
I, II, and IJY give experimental apparent and corrected initicl
fregment velocities for the individuval cherges., The initisl
fragment veloclties calculated by the Gurney formula for the
c¢ylinders are slso given for comparison., The average velocitles
for each of the dif{erent¢ conditions are glven in Table 1IV.

10, It is to be noted that there is consliderable spread in the
results from identical shots. fThe photographie records can be :
anzlyzed to &n accuracy of better than 1 per cent., It is further L
believed that the experimental technique measures velocltles to !
an asceuracy of better than 3 to 4 per cent. Therefore, all of
the spread cennot be attributed to measurement errors., Actual
differences in the velocities may be causcd by small variations
in the cases, the explosive, and the interaction of explosive
gaces with the expanding cases., This 1s & problem even more
acute in ordinary fragment velocity measurements where velocity
spreads on the order of 25 per cent are obtained for fragments
from one case, The test conditions here have been standardized as

5
CONFPIDENTIAL
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far as seemed practicable., The velocities obtalned are

taken as repregentative values for individual cases, The
representative velocity for any set of experimental conditions

1s talken as the mean of the indlviduval values., A reproducibility
study would be needed to shoii the valldlty of this assumptioa.

¥
i
:

11, Hellium_ Atmosphere., Alr was a satislactory atmosphere 1n
which to observe the expansion of these cylinders excapt when
the eylinder walls were thin (0.1 inch o so). The shock in
front of the expanding cylinder then beccme so luminous that
the cylinder motlon could not be followed, Several shets in
addltion to those giver in Table I have been fired, but they
had to be discarded because the reccrds could not be used

for this reason, The series of shots in helium were fired to
test hellum as a substitulte ctmosphere, There is little or
no luninosity from hellium in the reglion of Initial expansion,
even down to the uncased charges. Hellum, therefore, can be
used as the atmosphere whenever air 1s unguitable. A little
experience wlll give the wall thiclmess a2t which the chenge
from &ir to hellwa must be made. Tue exreriment was nct
accurate erough te detect the differcnce between expansions into
h2liun a2nd into alr Tor the thicker cases., For the uncased
charges, th? expansion inco air wes so mesked by shock light
tiat no comparison was acvtempted, Tne series of shots with -he
liong cylinders ivere fired to see if steady state conditions
ware obtained vhen the short eylinders were used, There

was no evidence to indicate a lack of steady state for the
saoré cylinders. This was as expected since plane wave
boosters were used for inltletion,

12, Nature of Results., Pigure 5 shows a plot of the initial
fragment velocities as z function of case wall thickness.
compared with these are values of velocities for similar cascs
calculatad by the Gurney formula, Reference (a),

e 142

V= K ‘F:E7§& ,

where C and M are the explosive and case welghts per unit
length respectively, and the constant K has the value 9500
feet/sacond, Better agreement of the Gurney velocities iith
the otserved velocities 1s obtained 1f a value of 8350 to

8500 feet/second 1s used for K. The fit holds only for the
thicker walled cylinders. The Gurney formula does not predict
the velocitlies for cases of wall thickness less than 0.1 inch,
Figure 6 gives a comparison of observed initial fragment
velocities as a function of equivalent cylinder weight for the

6
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two types of cylinder. It appears that only the mass of the
cy..inder wall 1s important in influencing fragment velocities.
ng p:yslcal propertiea of the wall enter as higher order
effects.

o e o et o a2 st - e RN N

14. while the nature of the wsll accelerations has been
noted, it has not been considered in detall. Figures 7 and 8
show the mean expansions along the slit line for the different
cylinders. The acceleration Jumps which have been observed
here at NOL in studying detonation interaction with thin
aluminun plates at normal incidence were not apparent in the
cage expansions, It may be that in the present experiment,
the jumps are not as pronounced as in the plate experiment, or
1t may be that the resolution of the system i1s not sufficient
forr thia observation.

15. For comparison, the initial fragnent velocitles measured
with the rotating mirror csmera have heen compared to the
veloclties of fragments from identicel cylinders measured in the
NOL fragment range. Table V ladicates the cylinder silzes
cousidered and shows the velocity comparison., The methods of
mecsuring velocities are not identical in that the former gives
the initial fragnent velocities and the latter glves the
velocities about 9 feet from the cylinder. Some type of
ret:ardation adjustment must be used to translate the second
group of velocitles back to the cylinder for direct comparison.
Assuming a standard retardation law, Reference (m), the
adjustment 1is

_xe B

Vram 9¢ = Vingdal

)

where K 1s the drag coefficlent, A 1s mean presented area of

the fragment, m 1ts mass, R the denalty of air, and g the
distance of travel. The exponents-Ks8s and the Kk#,  values
needed for agreement are given in Table V. For the 0.25 ineh

steel cylinder these are the values for a roughly cubical

fragment of mass 1.5 grams with drag coefficient of 0.4, For

the aluminum cylinders the exponents and hence the K#m values
are much larger than experience with steel rragments would indicate.
For aluminum fragments as for steel fragments it is believed vhat

should be somewhere between O.4 and 0.6. This means that the
ratio A/m 18 large for aluminum fragnents implying a large presented
area and/or a smsll mess., The range records show that the larger
aluminum fragments travel in a manner to maximize presented
area. Recovered fragments show extensive thining of the
wall (a low mass). On this evidence the comparisons are considered

reasonable,

7
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SUMMARY

16. It has been demonstrated that the Qurney formula does not

appear valid when very thin cases are considered. The nature
of the departure has been showm for 2.0 inch inaside diameter
steel and aluminum cylinders loaded with Composition B
explosive accelerated by a plane wave detonatlon directed along
the axis, It 13 asswmed in the Gurney development that the
contribution to the iinztic energy of the system made by the
detonation of each unit mass of explosive is the same in all
types of vrojectiles. The kinetie energy per unit length 1s
then equated to the explosive energy, It 18 also assumed that
the gas velocity 1s proportional to the distance from the

axis of the cylinder. However, the Qurney explcsive constant,
which 1s proportional to the square root of the explosive
energy, must be calculated from experimentel data, It is
possible that for thin-walled cases, the kinetic energy
distributlon of the system is changed so that the explosive
factor 15 no longer concstant.

17. These tests have also demonstrated that the rotating mirror-
8lit camera can be used profitsbly to study the problems
assoclated with cylinder expansions and initial fragment
velocities, The system dces have limitations: (a) only one
expansion or velocity is obtained per shot and (b) the range

of expansalon or frapment travel 1s small. However, 1t can be
adapted to problem: which :anrot be handled otheruise and it

will furanlsh data oi a vype not duplicated by other means,

8
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TABLE I

ALUMINUM AND STEEL CYLINDER VELOCITIES IN AIR k
(2 inch ID; Composition B Explosive) g

Case wall Apparent Initial Gurney
Materizl Thickness | Veloclty Veloclity Velocity
(1in) (m/sec) (m/sec) (m/sec)
Steel 0.03125 3290 3090 3240
(1/32) 3390 3180 3240
0,062? 2570 2470 2770
(1/16 2270 2200 2760
2280 2210 2750
2600 2500 2760
2500 2110 2750
0012§ 1660 1920 2200
(1/8 2000 ¢+ 1950 2190
1940 1900 2200
0,250 1320 1310 1670
(1/4) 1430 1410 1660
Aluminum 0,062? L200 3810 3450
(1/16 4100 3730 3430
4050 3720 3440
0,125 3060 2900 3090
(1/8) 3030 2880 3110
3390 3180 3110
0,250 2270 2200 2460 ,
(1/4) 2330 2260 2460 i
2200 2140 2460 :
0,37 1820 1790 2090 |
(3/8? 1990 1940 2090 ;
1800 1860 2090 »
0,500 1610 1590 1830
(1/2) 1560 : 12&0 1830
1500 1480 1830
9
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TABLLE II

ALUMINUM CYLINDER VEI.OCITIES IN HELIUM
(2 ineh ID; Componition B Explosive)

Calculated
wWell Apparent Initial Guney
Thickness Velocity Veloclity Velocity
(in) (m/sec) (m/sec) (m/zec)
0.0 9580 6720 4090
0,002 gzoo 6570 4060
890 6460 4060
0,005 7660 5820 4000
6730 5450 41020
0.125 2890 2840 3070
0.250 2280 2210 2440
TABLE I1IX

TWELVE INCH ALUMINUY CYLIMDER VILOCITIES
(2 inch ID; Composition B Explosive)

Celeulated
Wall Apparent Initial Gurney
Thilclmoess | veloeity VYeloeclty Velocity
Jamy | m/see)  j (m/sec) (m/zec)
0oV 9680 6820 4090
0.125 3280 3080 3010
0,500 1640 1610 1820
1610 1580 1820
10
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. TABLE IV
AVERAGE VELOCITIES FOR ALUMINUM AND STEEL
CYLINDERS IN HELIUM AND AIR
(2 inch ID; Composition B Explosive)
Case wall Medium Initlal Gurney
Material Thiclkness Velocity Velocity
(in) (m/sec) (m/sec)
Uncased 0.0 He 6770 4090
Steel 0,03125 Alr 3140 3240
0,0625 Alr 2360 2760
0.125 Alr 1920 2200
0.250 Air 1360 1670
Aluminum 0,002 Ha 6520 L4060
0,005 He 5650 4010
0.0625 Air 3750 3440
0,125 Air, He 2980 3070
0.250 Alr, He 2200 2460
0.375 Alr 1860 2090
0.500 Alr 1570 1820
TABLE V
COMPARISON OF VELOCITI:EIS MEASURED BY ROTATING
MIRROR CAMERA AND FRAQMENT VELOCITY RANQE
[
Case Wall Initial Range ~K@ 3 K B
Thiclkness | Velocity | Veloel for adjustment ™
_ | (m/sec) (m/sec
Steel 0.25 1360 1300 0,041 0,119
Aluminum 0,125 2980 1880 0.459 1.326 ;
0.25 2200 1450 0.417 1,204 E
0.375 1860 1340 0,330 0.953 3
0.50 1560 1200 0.262 0,758 %
3
' i
1
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fa) AIR ATMOSPHERE

(b) HELIUM ATMOSPHERE

F1G.2 COMPARISON OF RECORDS IN HELIUM AND AIR ATMOSPHERES
FOR EXPANSION OF UNCASED EXPLOSIVE
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fa) AIR ATMOSPHERE

(6) HELIUM ATMOSPHERE

FIG.3 COMPARISON OF RECORDS IN HELIUM AND AIR ATMOSPHERES
FOR EXPANSION OF 0.005 ":. ALUMINUM CYLINDER
|
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Py
DETONATION 0-At |

WAVE WAVE\-}
vVs2D SIN G Va‘éL.a=ARcTAN!!
2z At D

Vs 2D SIN [ARGTAN va/o]
2

FI1G.4 TRANSLATION FROM MOVING COORDINATE SYSTEM TO
FIXED COORDINATE SYSTEM IN CALCULATING CYLINDER VELOCITY
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APPENDIX

ADJUSTMENT OF OBSERVED EXPANSION BECAVUSE
OF REFRACTIVE INDEX CHARGES

1., In the cylinder expansion a shock wave is set up in the

air in front of the expanding case. This shock travels outward
at & slightiy higher velocity than the cylinder as can be

seen in Pigwres 2 end 3, The gas behind the shoek front ls
compressed and therefore has & higher refractive index., This
change of refractive index has the effect ol appurently
increasing the true radlus of the expanding erlinder, Ry, to

an obgerved radius Ry, as shown in Rigure 9, -

2. To obtain an =23timuate of the 4Aistortion the shock waviewe
eylinder configuraticn of Figure 9 1s assumed, It is furcher
agsumed that the denalty cf alr and hence the refractive :‘ndex
tahind the shock ls conatant and that the exponsion angle of
the case is small. Hduen 1T 12 seen tnat

R, sim
o - §L'l‘;~- = .Zli‘ =M
2, St v %,

4
MY do\l. Y
— ...../.l.é.%.‘ = T—:“;: =1
Vi dmgne o mo

where n1 and np eare the refractive indicles raspectivelr in
front of and behind the shock, Va 1is the observed veloelry,
and Vi 1is the true veloeity of tha case,

The Lorentz relatlicn

«."L’ 1

Pl L L sk,

Wil P

will give the change in refrzetive index across the two
regicns, As3uming & refractive index of alr Lor standard
conditions (.. 309, 760 mm) ny = 1,00027, then np and v="¥m,
for dirferent values of P:/?, , where {, and $, are alr
densities in front of and behind the shoclt, are as followst

A 1 5 10 25 50
Mo 1.00027  1.00135  1.00270 1.,00675 1.0135 g
M 1 1.00108 1,00243 1.0065  1,0133 %
19
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phus 1f f2/¢, 1s imown the distortion can Le obtained
. directly as n.

3. An upper llmit to the dlstortion can e ovtained by §
considering the one-dimenslon supersonic compressional flow ;
example, Reference (m), This will over estimite the denalty 5
lacrease belidnd the shock polnt because no accont is talen :
of flaw into Lhe wlverging volume elemenca associated with the
¢ylindirieal system, and the pluton velocity in the 2low example

i3 taken con:zldevibly gresier than the ciae veloeity. In the

flow examplz with Up/e>»1, where Up 1s the piston veloelty and

¢ 1s the lnitlal veloelty of sound for the ga3, the shock

veloclty und ratic of densitiea, presswres, ond temperatures in
front of il behind the shoel front are given by

L
u‘_—,\wg& A~ T, Up - 1A U’P
it
I
E’)l 1 .\i?. .u\' \l f;{ ‘\‘L
' b SRR oo R ;4.8( ) ~loteto
Py -V,_kz_\. c /TP e g
i
.':7' ~ %31{3‘
o~ ~ b t 7
] ! 5 R
0P :
Reve . 1~ \ ' ‘
ro= T B %‘O‘\’ ¥r s (aiv) .

The numerilcal valuves are for U ranging from 2500 o 5000
feat/second. Taking only the change in censity
a
-i\:. : b U&\«‘at-); n= Lo\,
]

The distortlon would thus be on the orde: of 0.1 per cent., Note,
however, that the heating 1s conailderable., The change of ;
i R rafractive index 18 not lmown for such a wide temperature change,

: Small increases in temperature of a medium at room temperature
‘ prodaoeces A decrease in its refractive index, It 18 s3suned here

20
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that the lar-ge temperature change does not move an absorption
band of air close to the light band belng observed so that the
temperature effect is small, It 13 believed thit the
distortion 1s considerably less than 1 per cent. No refractive
index correction has been made for the dats.

4, It is pointed out that while a dlstorted racius 1s predlcted
as the cylinder Just starts expanding the chock wave at this time
is at the cyrylinder or only very little gseprrated from 1% 8¢ that
tae observed radius 1s the true radlus. As the cylinderr starts
expanding the shoelc wave 1s 2s32ntlally opaque end the shoek
expunsion itseli’ i3 obecerved. As the compresced region beccones
thicker, relracted 1ight rays can pass over the cylinder through
the shocked rezicon baneath the uhock front. The shock wave

Image then separates from tiie ¢ylinder shacow., It 13 only

after a "steady stata" conditlon 1s reached (after tranaiticn
fron observing shock radiug to cylinder radius) that veloclty
neagurenents can be made, Figure 10 conipares tre behsavior cf the
observed cy..inder railus predicted by the formula to that
expeceted from a conslderation of relrezetlon In & snocked region
with shock veloelity 1.2 times cylinder wvelcclty zand an eflective
refractive “ndex of 1.0005,

21
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LOWEST RAY COMING
FROM BEHIND CYLINDER

T0
CAMERA
SHOCK WAVE
321 SIN '.—n.z s N
Rl SINF n i

EXPANDING CYLINDER

d

FIG.9 DISTORTION OF OBSERVED CYLINDER RADIUS
PRODUCED BY CHANGE OF REFRACTIVE INDEX
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FIG.10 THE EFFECT OF FINITE INITIAL SHOCK RADIUS ON
THE DISTORTION OF THE OBSERVED CYLINDER RADIUS
(U SHOCK= 1.2 U CYLINDER)
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